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(54) TITANIUM-BASE ALLOY MEMBER EXCELLENT IN OXIDATION RESISTANCE AND WEAR RESISTANCE 

(57)Abstract 

PROBLEM TO BE SOLVED: To improve wear resistance, oxidation resistance, etc., at high temp, by providing the 
surface of a Ti-base alloy with a film containing Al and N. 

SOLUTION: Although the technical idea of this invention lies in having an Ni-containing Al film and the improvement of 
hardness and oxidation resistance can be performed by using the film containing both elements alone, it is preferable 
to further incorporate at least one element selected from the group consisting of group IVa elements (Ti, Zr, etc.), 
group Va elements (V, Nb, Ta), and group Via elements (Cr, Mo, W). A film containing Ti and/or Cr is particularly 
recommended. In this film, (Ti and/or Cr)x-Aly-Nz is present, where the symbols (x), (y), and (z) mean atomic 
percentages and satisfy 5≤x≤y, 25≤y≤90, and 10≤z≤50. Further, one or more intermediate layers exist 
between the Ti-base alloy and the film. By this method, mechanical properties at high temps, can be remarkably 
improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ti machine alloy member excellent in the oxidation resistance and abrasion resistance which are 
characterized by being that to which the coat containing aluminum and N exists in the front face of Ti machine alloy. 
[Claim 2] the inside of the aforementioned coat — further — Ti machine alloy member according to claim 1 which is a 
thing containing at least one sort of elements chosen from the group which consists of 4A group, a 5A group, and a 6A 

S rou P „ . 

[Claim 3] The aforementioned coat is Ti machine alloy member according to claim 2 which is a thing containing Ti 

and/or Cr. 

[Claim 4] Ti machine alloy member according to claim 3 which is that to which x~Aly-Nz exists in the aforementioned 
coat (Ti and/or Cr). Among a formula, x, y, and z express atomic %, respectively, and are 5 <=x<=y, 25<=y<=90, and 
10<=z<=50. 

[Claim 5] Ti machine alloy member according to claim 1 to 4 which is that to which the above interlayer exists much 
more at least between Ti machine alloy and the aforementioned coat 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to Ti machine alloy member with thermal 
resistance, oxidation resistance, abrasion resistance useful to the structural member demanded (it may only be 
hereafter written as an elevated-temperature property) under elevated-temperature use, etc. like an automobile, the 
aircraft, etc. 
[0002] 

[Description of the Prior Art] Compared with the conventional alloys, such as steel, since a specific strength is high, 
use in the industrial field in which lightweight-ization is demanded like an automobile or an aerospace field has 
expanded Ti machine alloy. Generally, comparatively, as for Ti machine alloy, mechanical properties, such as an 
intensity, come to deteriorate remarkably as the oxidation resistance of this protective film will fall and oxidization will 
advance, if 500 degrees C is exceeded to the oxidation resistance which was excellent with the oxide passive state 
coat formed in the front face under a low-temperature oxidizing atmosphere being shown. The oxygen into which this 
penetrated this protective film since Ti machine alloy had the large degree of dissolution of oxygen dissolves too much 
into a base material, and, as a result, it is thought that a mechanical property deteriorates. 

[0003] Then, Ti machine alloy member which gave the suitable protective film for a front face for the purpose of 
i mproving the intensity under the elevated-temperature use exceeding 500 degrees C, oxidation resistance, etc. is 
p ©posed. For example, it aims at adhesion and an oxidation-resistant improvement to ** JP.4-254567.A. The coat 
which consists of a ductility alloy expressed with MCrAI or MCr (M:Fe, nickel, Co) to ** JP,5-345942,A It aims at the 
further oxidation-resistant improvement in an elevated temperature, into an aluminum inclusion Ti machine alloy Vb 
groups, such as P, the coat which made at least one sort of Vlb groups, such as Se, contain — further — ** 
JP,5-156423,A and JP,6-93412,A — oxidation resistance and a front face — the aluminum-Cr compound diffusion 
coat is indicated for the purpose of the improvement of a character, respectively 

[0004] However, each of these coats is insufficient in respect of the following. That is, although the coat of the 
above-mentioned ** has the oxidation resistance of a certain grade, it has come to satisfy the further 
oxidation-resistant demand property in recent years. Moreover, although the plasma-metal-spray method is 
recommended in forming the above-mentioned coat according to this official report, since pore generally exists in the 
coat formed by the spraying process, it is very difficult to suppress a diffusion of the oxygen to a base material. 
Furthermore, if the point of the homogeneity of a coat and an improvement of a surface roughness is inadequate and it 
is going to apply this Ti machine alloy member to precision members, such as an engine valve, it is necessary to 
machine further and to perform a recompletion after thermal spraying, in a spraying process. Moreover, the 
oxidation-resistant grade acquired by the above-mentioned ** has come to satisfy severe demand level in recent 
years like the aforementioned **. Moreover, although the coat is formed with ion-implantation in this official report, by 
this technique, it is theoretically difficult to perform surface treatment to a complicated configuration, and the 
thickness of the coat formed by the thing which a limitation is in applicability, and this technique is usually 1 
micrometer or less, and has the problem of a grade that only the oxidation resistance of the grade which suppresses 
early oxidization is acquired at a thickness of this level. Furthermore, although diffusion-coating processing is inevitably 
performed in the above-mentioned **, since processing temperature becomes an elevated temperature at about 
700-1300 degrees C very much, the dimensional change of parts cannot be avoided and a desired member is not 
obtained. Moreover, the above-mentioned processing temperature may far exceed the general alpha-beta 
transformation point of Ti machine alloy, and has the problem that the mechanical property of a member deteriorates 
remarkably. Furthermore, about a degree of hardness, each coat of the above-mentioned ** - ** is less than [ HV:1000 
], and the abrasion resistance under sliding is very inadequate. 
[0005] 

[Problem(s) to be Solved by the Invention] this invention is made paying attention to the above-mentioned situation, 
and the purpose is in offering new Ti machine alloy member excellent in mechanical properties, such as the oxidation 
resistance under elevated-temperature use which exceeds 500 degrees C, and abrasion resistance. 
[0006] 

[Means for Solving the Problem] Ti machine alloy member excellent in the oxidation resistance and abrasion resistance 
of this invention which could solve the above-mentioned technical probrem has a summary at the place which is that 
to which the coat containing aluminum and N exists in the front face of Ti machine alloy. 

[0007] Into the above-mentioned coat, further, the thing containing at least one sort of elements chosen from the 
group which consists of 4A group, a 5A group, and a 6A group is the desirable embodiment of this invention, and the 
thing containing especially Ti and/or Cr is recommended here. It is desirable that this Ti and Cr exist in the type of x(Ti 
and/or Cr)-Aly-Nz (x, y. and z express atomic % among a formula, respectively, and it is 5 <=x<=y, 25<=y<=90, and 
10<=z<=50). Moreover, that to which the above interlayer exists much more at least between Ti machine alloy and a 
coat is very useful at the point that adhesion is raised and oxidation resistance may be improved remarkably. 
[0008] 

[Embodiments of the Invention] As mentioned above, it is common knowledge that the mechanical property and 
oxidation resistance of Ti machine alloy member improve by giving aluminum inclusion coat to a base material front 
face. As a result of repeating a study zealously for the purpose of the further improvement of many above-mentioned 
properties in such an aluminum inclusion coat, especially the further oxidation-resistant and wear-resistant 
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found out that the desired end could be attained, and completed this invention. 

[0009] That is, this invention has the greatest characteristic feature at the point of having made the coat containing 
aluminum and N existing in the front face of Ti machine alloy (it may only be called a base material). Thus, although a 
degree of hardness and oxidation resistance can be made to improve in this invention compared with the conventional 
thing also in the coat which has the technical thought at the place which has an N inclusion aluminum coat, and 
contains only both elements a purpose [ enhancement / the further degree of hardness and the further 
oxidation-resistant enhancement ] — carrying out — the inside of a coat — further — it is desirable to contain at 
least one sort of elements chosen from the group which consists of 4 A groups (Ti, Zr, etc.), a 5 A group (V, 1Mb. Ta), and 
a 6A group (Cr, Mo, W) Also in these, the thing containing especially Cr and/or Ti is recommended most. That is, it is 
the element as Ti machine alloy which is a base material with same Ti, therefore since the thing for which the adhesion 
of a coat and a base material improves and oxidation resistance can be improved, and Cr are elements which have an 
oxidation-resistant enhancement operation, they can exhibit the above-mentioned operation effectively by addition of 
these elements. Specifically, these elements can exist with the gestalt of the compound nitride of Ti, and/ or Cr and 
aluminum, and can be expressed with x(Ti and/or Cr)-Aly-Nz (x, y, and z express atomic % among a formula, 
respectively). It is 5 <=x<=y, 25<=y<=90, and 10<=z<=50 preferably, and is 10 - 20 <=x<=y, 25<=y<=40, and 40<=z<=50 
more preferably. In addition, although it is desirable to satisfy the relation of x+y+z=100, x, y, and z are not limited to 
this, but are the domain which does not spoil an operation of this invention, and can include other unescapable 
impurities other than the above-mentioned element Here, if y (namely, aluminum content) falls less than by 25 and 
oxidation resistance exceeds 90 on the other hand, a degree of hardness will fall. Moreover, less than by ten, a 
degree-of-hardness improvement operation is not obtained, but z (namely, N content) is considered to be the threshold 
value of the nitrogen volume which may contain upper-limit50 in a coat The degree of hardness of x (namely, Ti 
and/or content of Cr) is low at less than five, and on the other hand, when the upper limit exceeds y, there is a problem 
of a grade that oxidation resistance is spoiled. Among these, the thing containing both Cr and Ti is very useful at the 
point that the enhancement operation in adhesion by Ti addition and the oxidation-resistant enhancement operation by 
Cr addition can be provided simultaneously. Although these alloying elements can exist with the gestalt of the 
above-mentioned compound nitride, not all the alloying elements in a coat necessarily need to exist in such type, and if 
they are domains which do not spoil an operation of this invention, after nitrogen has dissolved, they may exist and will 
not eliminate the others' presence gestalt 

[0010] In addition, to this invention coat, at least one sort of 3A group elements, such as Y, can be added for the 
purpose of [ other than the above-mentioned element ] the enhancement in the further oxidation resistance or 
adhesion-proof. Although these contents are different a little with the modality of element to add, it is desirable to 
carry out to below 10 atom % generally, and they are below pentatomic % more preferably. 

[0011] Thus, the degree of hardness of this coat can serve as 2500-3000HV, can improve by leaps and bounds 
compared with the degree of hardness (usually less than 1000 HVs) of aluminum inclusion coat which does not contain 
N, and can make abrasion resistance improve much more as a result by making the N inclusion aluminum coat 
mentioned above on the front face of Ti machine alloy exist Thus, about the ground which may improve abrasion 
resistance remarkably by addition of N, although it is unknown in detail, the degree of hardness of an alloy base material 
is also considered whether to go up by leaps and bounds by forming many aforementioned large compound nitrides of a 
degree of hardness into a coat 

[0012] In addition, the ground whose elevated-temperature property improves by formation of aluminum inclusion coat 
is considered as follows. Free energy required for formation of aluminum oxide is [ about ]. -Since it has a negative big 
value in mol and 240kcal /, in the high-temperature-oxidation nature ambient atmosphere, aluminum oxide is 
preferentially formed in a base material front face. Since it has the property for this aluminum oxide to be precise and 
to be hard to penetrate oxygen, the operation which was excellent as a protective film is demonstrated, and it is 
thought that advance of the further oxidization is suppressed. Thus, as a protective film, by making very useful 
aluminum inclusion coat form in a base material front face, a diffusion of the oxygen to a base material and the oxide 
formation on the front face of a coat can be suppressed remarkably, and the fall of the mechanical property under an 
elevated temperature can be especially prevented as a result at the time of the use under the 

high-temperature-oxidation ambient atmosphere. Moreover, it is the element which is easy to form an oxide, and the 
oxygen diffusion depressor effect to the inside of this coat is raised by formation of a precise oxide film, and Cr as well 
as aluminum can improve oxidation resistance. 

[0013] Moreover, since a coat will become porous and oxidation resistance will fall if too thin, as for the thickness of 
the above-mentioned protective film, it is desirable to set the lower limit to 0.1 micrometers. It is 0.5 micrometers more 
preferably. It is desirable to set the upper limit to 20 micrometers, if points, such as becoming that the decrement 
effect of the coat defect by the increase in a thickness although it will become few also generating oxidation 
resistance of a coat defect good on the other hand, if the thickness of a coat is thickened is saturated with about 10 
micrometers, and the cause by which a membrane stress excessive to a coat will occur if thick-film-ization progresses 
further, and a coat exfoliates, are taken into consideration. It is 10 micrometers more preferably. 

[0014] It aims at preventing the sublation under the heat cycle resulting from the difference with remarkable adhesion 
lack of ability between the above-mentioned coat and a base material and coefficient of thermal expansion, and 
improving oxidation resistance further, furthermore, between a coat and a base material It is effective in these base 
materials and the both sides of a protective film a monolayer or to also make two or more layers exist in the interlayers 
(for example, aluminum, nickel, Co, Fe, etc.) who have the coefficient of thermal expansion between a material (for 
example, aluminum and aluminum-Cr, aluminum-Ti), and the base material and protective film which have compatibility. 
[0015] It is not limited especially as the technique of forming the above-mentioned protective film in Ti machine alloy 
front face, a usual coat formation means can be adopted, for example, the ion-plating method, the sputtering method, a 
vacuum deposition, ion-implantation, CVD, etc. are mentioned. Among these, the ion-plating method is the technique 
which was suitable for the real operation side in that a precise coat was obtained at low temperature, and is especially 
useful while a membrane formation speed is quickly excellent in adhesion-proof In addition, in order to form the 
protective film of ** hung up by the item of the above "a proior art", - ** the coat formation technique of 
specialization respectively — adoption/ — or it was recommended (a **MCrAI protective coatplasma-metal-spray 
method and **Ti3 aluminum system intermetallic-compound coation-implantation — ) ** Since various evils were in 
the technique which the aluminum-Cr compound diffusion coatdiffusion-process method adopted itself, it was that in 
which the produced protective film also holds many problems, there is especially no necessity that adopts the 
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can be said that it is very useful also at the point which can adopt suitably the technique with little evil (the ion-plating 
method etc.) rather compared with such technique 

[0016] Based on an example, this invention is explained in full detail below. However, all the things that the following 
example does for change implementation in the domain which does not restrict this invention and does not deviate from 
a front and the after-mentioned meaning are included by the technical domain of this invention. 

[Example] The base material (Ti system alloy or unalloyed ti) used for this example, the modality of protective film, and 
the membrane formation technique are shown in Table 1. In addition, "Ti-6242" means Ti-6aluminum-2Sn-4Zr-2Mo 
among a table. The following evaluation items were investigated about each obtained test specimen. 
[0018] The surface hardness of [wear-resistant] each test specimen was measured according to the Vickers 
determination-of-hardness technique (load:50gf), and it considered as the wear-resistant index. 

The augend per unit area before and behind heating at the time of heating [oxidation-resistant] each test specimen at 
650 degrees C among the atmospheric air for 30 hours was computed, and it considered as the oxidation-resistant 
index. These results are written together to Table 1. 
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[0020] No.1-7 are an example of this invention which has the N inclusion aluminum inclusion coat which consists of 
various composition, and No.8 are an example of this invention to which an interlayer (aluminum) exists between Ti 
machine alloy and N inclusion coat While the test specimen which satisfies the requirements for this invention has the 
abrasion resistance and the oxidation resistance which were extremely excellent in each irrespective of the membrane 
formation technique so that clearly from the result of Table 1, the test specimen in which an interlayer exists 
understands that oxidation resistance improves further. 

[0021] On the other hand, although No.9 are the example of a comparison which gave the Ti-N coat, although a degree 
of hardness is a little high, oxidation resistance falls remarkably. Each of No.10, and 11 and 15 is examples which do not 
give a protective film, and it is inferior to a degree of hardness and oxidation-resistant both compared with the example 
of this invention. 

[0022] No.1 2. and 13 and 14 are the conventional examples which gave the coat of ** hung up by the proior art, **, and 
**, respectively, and its all are insufficient a degree of hardness and in respect of oxidation resistance. No.16 are the 
example of a comparison which gave the coat only containing aluminum, and are inferior in a degree of hardness and 
oxidation resistance. 
[0023] 

[Effect of the Invention] Since this invention is constituted as mentioned above, it can improve mechanical properties, 
such as the abrasion resistance under an elevated temperature, and oxidation resistance, by leaps and bounds 
compared with the conventional Ti machine alloy member. 
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fflt % C r»*0fcJ:5WSWkttlPl±f^ffl*W"*£*flil' 
ft<, #38W<Pf£ffi&S4*?4^S5fflT?fc:ft<tf, 



Bfrt5fc©-m4v\i 

[0 0 10] iSj, #38W&JBU-tt* ±E5c^ro(t!ilct > 
*45WiHktt*»«*tt0>flJ:* BWt LT, Y^co 
3Agi5c3it$:'>ft< it. ia^*Pi-5-t* 5 "C#5. - 
ftfeWtWStts *&0P1" S Tcli lc J: oTtS^ie 
ii-fSa^ ILtl 0^%aTi-tS-t* 5 »*b 
<, j:9»*b<»i5Ul ; F-%«Tr*)S. 

[0 0 11] r©il:T i S-a-&C0SlffilcJii£LfcN-a 
WA l^flS^??flE$-a-5-i:l-J: , 3^JSflS^aSH2 5 
0 0~3 00 OHVi^i?, NSr-tWbfti^A 
fllcosiS (ii^ioooHV*^) tctt^-cmsifti-fr 

[0012] ft, A 1 £#&lR0>J&*fc J; 19 KfiflHtfls 
|6]±-f SJliiKo^-ai, EtT©1^ t%^t.H5o A 1 

mimmim^&Wi&fe^'^-tetfi- 2 4 o k c 

a l/mol i*£4*<£>iI£*H-5rfca>e>, i^'fi^ 

rite^s. r^A 1 iwt«)tta*-cfi.oie*s:aiib!i 
^tv^its^^rbr^s^, b-c<s^/cf^ 
ffl£3§WU M45®t{kroittT&fiiSli-5t%xLf>^ 
5. r©»fc«S&Jfltfcb-C#*fctfffl4A l**T&K 

B©lMkfc30J***b<»IWU JSlWtlfiTtolS 

r tA 1 tmm. Kftft&MUv^itfco, m& 

4®tfk&J8l0>J&£f- i 0 &&lll!*^<0&3gffi»ffl]S'J3f)* 

[0 0 13] 4fc % ±!2{*l$^flScDK)¥li. 
S)«d5#-7^lw4 , 5»^k:14^T-f50-C > ^OT 
PSSrO. 1 M mi:i-5ii:as#*bv\ ifJ#*b<ri 
0. 5Mtn-C3b5. &IBi<E>IBSJ?$:J?< +5 £ , ^ 

»c»©5Mfe#*ft < RiWktttftSfcfts*, warm 
tax. x 5&K^»©«^a*w*i i o m m-cia?p-r r 

JEfcWBMk^ittfir&itfcaawiftS^iWRfeb, 
PSSr 2 0 mnii"S©/55»*bv\ J;i9»*b<Hl0 
[0 0 14] ±|Eft)lli:»»fcOW]©e** : f£ 

m± LxmmmzzK&m-tz - 1 £ i w t b-c. 

ttSr*"1-5*tft («X.tfA 1, Al-Cr, Al-T 
(WttfAI. Ni, Co, Fef) $r*«tfc(iffi^ 



(4) 



4#M¥ 9-256138 



[0015] t i m%&&mz±.%t%m&.m*Bffcti> 

SMC : ©T i 3 A 1 X&jR|HMb&4ft& 

81 : f ^ttAffi, ®AI-C rffl^-i£»^« : 

©#ft£Jt^T#g©4>£v\£i!fc w^iz-f^v 
4#x5 <> 



[0 0 16] «JlTjtlt5«fca<5^r*38W*»ai-5 0 
m • »IE©agSriftBiU4v^f8ffl-ejC3EIIJ6i-5wi:»i 
[0 0 17] 

mt i ) %.wm$.m<Dmm. mnzamfjm** 1 t 

^•to ft, TTi-6242j 4»4T i - 6 A 1 - 

2Sn-4Z r-2MoSrg*1-S 0 &<Jtg«ttt 

[0018] [ftjgftft] #tt!W©^ffiyj5SSr f 

-^ssi'j^fe mm : 5 o g f ) Kspcray^u 

W*«te©ifi«i Lfc„ 

[SIMfcte] 6 5 0ic-e3 O^BBAofft 

U Rftft:&©&ft& Lfc„ £*!,&©«*£* lfcflME 

[0 0 19] 
[^1] 



lb 




mm 




mm 














( u m) 


(HV) 


mitmrns/* 2 ) 


1 


Ti-6Al-4 V 


A1 80- N 2G 




0.5 


500 


0.5 


2 


T1-6A1-4 V 


Cr 35- Al 45- N 20 




0.5 


1500 


0.07 


3 


Ti-6242 


Ti 30~ Al 40~ N 30 


AK N«6-f*VttA 


0.16 


1700 


0.04 


4 


»Ti 


Tl 20~ AJ 30" N 5Q 




2 


2700 


0.05 


5 


Ti-6242 


Cr lD- Al «0** N L0 




3 


\ 1200 


0.04 


6 


*Ti 


Ti 13 -Cr 12 -Al 25 -N 50 




5 


2500 


0.03 


7 


Ti-6242 


Ti 10~ Cr l<T A1 3<T N 50 




7 


2500 


0.02 


8 


Ti-6Al-4 V 


Ti 10- Cr I0- AI 30-V A1 


7-u*y?u-T4y? 


10 


2500 


0.01 


9 


T1-6A1-4 V 


Ti-N 


?-24*y7u-t4y? 


3 


2200 


3.31 


10 


Ti-6242 


mm 






350 


1.68 


11 




mm 






300 


4.3 


12 


Ti-6242 


NiCrAl 




SO 


800 


2.5 


13 


mi 




4*y&\ 


0.3 


330 


2.3 


14 


Ti-6242 


Al-Cr 


mmm 


5 


550 


1.2 


15 


Ti-6Al-4 V 








320 


B.47 


16 


mi 


Al 




0.5 


310 


0.85 



[0 0 2 0] No. 1~7(4, n*<OtBMfrt>t£Z>N<§£% 
Al#*&«fc#+5#»W«-C*>9, No.8f4, Ti 

a^4tN$#ftflt©nnKtfiBUi (ad ##£1-5* 

[00 2 1 ] rftfCtfLT, No. 9I4T i -N&ffl|£2g 
^U<{g;Ti-S. No. 10, 11 514, vvfft 



[0 0 2 2] No. 1 2, 1 3RXM 4 f4, 5*c-*\ ftjfc© 

9, vvfftfc, ®£&UWgtfttt©.& -?*+#-?* 5. 
No. 1 614. A 1 <0%.$fii-Z>&m%1&L-ttit®mT'h 

[0 0 2 3] 

mw<o$)%] #3§9!(4, ±Se©^flctS^$^^T^^5© 

x\ %%<dt i m^^wztt-<x s ms.Tx<ommn 



ft**ffi«>mm#i>r«rR2TB 3#1 



